Abstract-Contribution: Stereotypes and immediate environment are the reasons for low enrollment of women in STEM studies.
I. INTRODUCTION
T HERE is a lack of female enrollment in STEM studies, especially in those related with computing, communications and electric and electronic engineering (hereafter CCEEE). Raising the interest of women in these studies is an important goal for universities, national and local governments, and society as a whole. However, while most of the research has been focused on STEM studies in general, the lack of female enrollment is not evenly distributed across all STEM studies. Furthermore, although a considerable number of female students are enrolled in studies like life sciences, CCEEE is male-dominant.
Much of this research work is aimed at proposing ways to increase female vocations for STEM courses, but the question arises of whether women who opt for CCEEE courses have the same motivation as those who choose other STEM courses. Given the significant underrepresentation of women in CCEEE studies, extensive research is required to identify what motivates women CCEEE graduates to take those courses, and whether these motives differ from those of women who opt for other STEM courses.
This paper explores the differences between the motivations of women STEM students and alumnae who undertake CCEEE studies (hereafter, CCEEE women), and those who do other courses (hereafter, non-CCEEE women), when it comes to choosing what courses to follow. The authors of this work sent a survey on this topic to 3,699 female students and alumnae of the Universitat Politècnica de Catalunya -UPC·BarcelonaTech (UPC) (www.upc.edu), Spain; 1,060 replies were received. This research project falls within the quantitative and qualitative paradigm and follows a non-experimental, descriptive-type methodology that employs data analysis triangulation.
II. BACKGROUND
European Union (EU) indicators show that although women account for more than half of all students in higher education, the proportion of women involved in STEM studies is far below 50%. This problem is common in other parts of the world [1] , [2] . Burchell et al. [3] states that STEM studies are predominantly undertaken by men; women make up 24% of all professionals engaged in science and engineering. In 2012, the number of women graduates in STEM courses was 12.6% of the total of female university students; for men this figure was 37.5%. 0018 -9359 c 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
Studies of particular populations, such as those carried out in South Africa [4] , the USA [5] or India [6] , revealed strong similarities in the motivations of women who opted for a STEM course, but also detected the influence of other factors such as race, caste or religion. This present study is focused on the STEM society in Catalonia, where there is little cultural diversity. It may even be said that the social differences between students are also relatively insignificant, all of which has enabled the authors to concentrate their attention on gender.
This is not the first study comparing populations in STEM studies. Hartman et al. [7] surveyed 83 first-year engineering women students and compared the responses from those engaged in mechanical and electrical/computing engineering with those from chemical, civil and environmental engineering students. He found differences in self-confidence and academic success between both populations, but found no significant differences between those who were asked their opinion about the expectation that a degree in engineering would help them make an important contribution to society. However, he did find significant differences, regarding the self-confidence of women taking chemical, civil and environmental engineering studies, where there is a higher presence of women. He found that self-confidence was significantly lower. Some studies [8] , [9] , warn about the problem of negative self-perception, such as the lack of confidence in many women about their skills in mathematics, which is regarded as the reason for the low enrollment of women in STEM courses. A relationship is found between autonomy or the degree of self-confidence, and the choice of such studies. This is due to the masculine view prevailing in society that the world of engineering [10] , [11] is a rational, objective and neutral field, which stands in opposition to the traditional notions surrounding femininity [12] . This makes women feel removed from men in their professional lives, even in countries like Finland, where a greater degree of gender equality exists [1] .
Perception of immediate environment is also a factor often quoted in the literature, in particular aspects such as the educational level of the mother, the presence of engineers in the family and the support provided by the family group [1] , [13] . These studies point to the need to involve families and teachers in the search for a solution, as well as providing children with the opportunity to participate in outreach activities from an early age, since the level of interest in science and technology emerges in infancy in both sexes.
The situation in the geographical location under study is similar to that in other countries; with very few exceptions, young women began to study technical subjects in the middle of the twentieth century. One study [14] provided the personal circumstances of women who completed their engineering studies before 1980, and arrived at the following conclusions: (1) they found it difficult to find employment, especially their first job; (2) chemistry was the subject chosen for most degrees; (3) negative attitudes were evinced by male classmates, which gave rise to a feeling of exclusion; (4) difficulties existed of integration into groups consisting of the opposite sex; and finally, (5) some women felt that more was demanded of them because of their gender.
Finally, most studies are focused on the comparison between STEM and non-STEM students. While it is true that STEM is male-dominant, since women account for just 24% of science and engineering professionals, these figures are not evenly distributed across all STEM studies. CCEEE is the sector showing the lowest female representation, with only four out of every 1,000 tertiary graduates being female, compared to 20 out of every 1,000 men [15] , [16] . For this reason, this study is focused on the comparison between CCEEE women and non-CCEEE women.
III. RESEARCH QUESTIONS AND OBJECTIVES
This paper focuses on the research questions: 1) Is there a stereotype (description of an attitude or behavior) for women taking STEM studies? The initial hypothesis is that such a stereotype does exist; this work seeks to characterize it. 2) Is this stereotype different between women taking CCEEE and non-CCEEE degrees? The initial hypothesis is based on the assumption that no significant differences exist between the two populations. 3) What are the main reasons that lead women to do STEM studies? If these causes can be identified precisely, it would be possible to adopt ways to solve the problem and thus increase the percentage of female enrollment therein (especially in CCEEE courses). The objectives of the research presented in this paper are to:
1) Analyze whether differences exist in the profiles of CCEEE women and non-CCEEE women. 2) Determine the influential factors at the time when STEM women chose what course to follow, and to analyze whether these factors differ from those in the case of CCEEE women and non-CCEEE women, with the aim of obtaining information to enable action to be taken on the emergence of STEM vocation in the female population in both childhood and adolescence. 3) Discover women's perceptions of why so few of them undertake STEM studies, in order to tackle these causes in the future.
IV. METHODOLOGY
Given the diversity of the objectives and the considerable number of factors that may exert influence on their outcome, this work presents a data analysis triangulation study based on the data collected from the survey. The triangulation is of the spatial type, in which the different regions are composed of two groups: CCEEE women and non-CCEEE women. The goal of this study is to select those hypotheses whose results are the most statistically significant, so that in subsequent work a detailed study of the validity of each hypothesis may be conducted (based on a randomly-selected population together with a control group).
The survey was addressed to women studying STEM courses with a low level of female enrollment, i.e., not overall enrollment. The survey questions ask about subjects studied; the family structure and conditioning factors; the reason for the choice of course and the level of satisfaction; professional activity; personal characteristics, and personal and professional models, and more.
The survey was sent by email from the schools themselves, paying due regard to the protection of personal data, and ensuring that all recipients were registered women or alumnae. A motivational letter was sent with the survey, explaining its objectives and importance. Survey recipients agreed to receive any request for information that might be sent to them about their professional activity, and agreed to the retrieval of academic data related to their previous studies.
The survey was anonymous, conducted online (https://goo.gl/3wckLD), and drawn up using Google Drive forms. It was issued to a total of 3,699 female students and alumnae, from among whom 1,060 responses were received. 43% of these responses were from alumnae (461) and 57% from current students (599).
The survey is organized into groups of questions on various aspects, namely:
1) Family organization (number of brothers and sisters, their gender, the place they occupy); 2) University studies undertaken by family members; 3) Motives for the choice of courses and when the choice was made; 4) Personal opinion of how skilled they felt compared to their male colleagues when commencing their studies; 5) Degree of self-confidence about doing the course; 6) People who approved or disapproved of the choice of course; 7) Satisfaction as regards initial expectations; 8) Perception of the amount of time devoted to their studies in comparison with their male colleagues; 9) Personal reaction to disappointing academic results; 10) Perception of the influence of studying with a majority of male students; 11) Readiness to advise others to undertake similar studies; 12) Sphere of paid activity undertaken while studying or subsequent to studying; 13) Influence of professional activity of female role models; 14) Degree of personal self-esteem and type of personality; 15) Aspects of life regarded as most important; 16) Preferred sports; 17) Influence of role models and/or stereotypes during studies; 18) Perception of level of equality between men and women in the professional sphere. The types and number of possible answers (in parentheses) for these questions were: multiple choice (30), drop down menu (2), check (6), grid of options (1), linear scale (4), and open field (1) .
In 2016, a preliminary survey was conducted with 153 students in the framework of a final degree project. This survey, which served as the basis for the completion of this larger study, already contained many of the questions analyzed in this paper. Before being sent, the preliminary survey was submitted to a validation process carried out by four professors from UPC not involved in this study. This process had three objectives: (1) to explore whether the survey omitted some question areas, (2) to determine whether the questions were clear and well formulated, and (3) to detect possible errors in its preparation. The professors' feedback led to improvements in the formulation of the questions and the inclusion of some new questions. The 153 students were used as a control group.
Finally, a last open-ended question was added, where the respondents could freely express their perception of the reasons for the low enrollment of women in STEM studies.
The survey was addressed, and limited to, the first female graduating classes consisting entirely of students taught in accordance with the system introduced for adaptation to the European Higher Education Area, and who completed their studies in the academic year 2013/14. The students selected were enrolled in six schools, the UPC STEM Centers providing various degree courses and with the lowest percentage of women enrolled. These schools, providing various degree courses, are listed here women enrolled), 6) FNB (Barcelona Faculty of Nautical Studies, 16% of women enrolled). For each question in the survey, the responses provided by CCEEE women were compared with those from non-CCEEE women. The Chi-squared test was applied to each group of questions to determine the corresponding p values. High p values indicate that no differences exist between the CCEEE women's group and the non-CCEEE women's group. On the other hand, p < 0.05 values indicate that statistically significant differences between both groups do exist for that question. 1 The survey concluded with an open field question asking why respondents believe far fewer women opt for STEM courses than men. A qualitative analysis using the constant comparison technique was conducted to analyze these replies. The women interviewed expressed their personal opinions about the reasons for the low enrollment of women, so a reason could be expressed in many different ways. It was necessary to codify clearly each different reason given in the responses and to identify when a response refers to each reason.
An abductive methodology was used to define these codes; that is, codes emerged from the data iteratively. Firstly, half of the dataset was read to enable a list of codes to be identified. Then, by using these previously-identified codes, the entire dataset was processed. When all the answers had been read, new reasons were found that had to be coded during the analysis.
The objective of the study was to identify the main reasons expressed by the respondents, so a code of "other reasons" was also created for responses that occur less frequently. After examination of all the answers, those identified as referring to "other reasons" were re-read; some reasons appeared a sufficient number of times to be assigned an independent code (abductive methodology).
V. RESULTS
A total of 3,699 women received the survey, from whom 1,060 valid responses were obtained. 434 (40.94%) of these responses came from CCEEE women and 626 (59.06%) from non-CCEEE women. The results of the survey were analyzed both quantitatively and qualitatively and are presented in the following two sections.
A. Quantitative Results
The survey results identify some factors common to both CCEEE women and non-CCEEE women, and others for which CCEEE women appear to possess a stereotype that differs from that of non-CCEEE women. The initial hypothesis is based on the assumption that no significant differences exist between the two populations, so this hypothesis will not be valid if p < 0.05 values are found. Details of the most significant results are given below. The statistical analysis of the data is presented here, and explanations are given in Section VI.
In reply to the question "Why did you choose your course of study?", no significant differences were found in the appeal of the course (p = 0.1278), the professional opportunities (p = 0.0951) or the expectation of a high salary (p = 0.6651). Nevertheless, differences were found to exist when the motive for choosing the course was working on projects (p = 0.0043), working as part of a team (p = 0.0051) or the possibility of cultural enrichment (p = 0.0158). CCEEE women were less likely to choose these three motives than non-CCEEE women.
In reply to the question "What influenced your choice of study area?", significant differences were found when respondents were asked about their average grade in the university entrance exam (p = 0.0244), and whether a member of their social or family circle had recommended a course of study (p = 0.0171). CCEEE women were less likely than non-CCEEE women to say average grade was a factor, and were more likely than non-CCEEE women to indicate the social or family circle factor. No significant differences were identified for other motives, such as admiration for a prominent figure (scientist, historian, engineer or architect, p = 0.0728) or some important event in their lives (p = 0.2415).
Significant differences were found in response to how capable, on commencing their university studies, they believed women to be in comparison with men, in five fields of knowledge. CCEEE women were less likely than non-CCEEE women to regard themselves as being more capable than men in: physics (p = 0.0022), chemistry (p = 1.2E-14), mathematics (p = 0.0038), informatics (p = 0.0049) and graphic expression (p = 0.0157). However, when asked about their self-confidence when tackling technological courses, the value obtained was p = 0.4166, which suggests that there were no significant differences in the level of self-confidence in either population.
Significant differences were also found for the question: "Which people were totally in agreement with your choice of studies?"; family (p = 0.2804), teachers during secondary education (p = 0.0183) and pre-university classmates (p = 0.0342). In all three cases, CCEEE women were less likely than non-CCEEE women to answer that these groups completely agreed with their choice of degree course.
Significant differences were found for the question: "Did your studies satisfy your initial expectations?" (p = 0.0213). CCEEE women expressed greater satisfaction about this than non-CCEEE women. Nevertheless, no differences were identified when asked if they would make the same choice of studies again (p = 0.7231).
Reactions to disappointing academic results were similar in both groups (p = 0.1400), but not in the approaches taken as a result (p = 0.0160). CCEEE women were more prone than non-CCEEE women to feel "This is not for me, I don't think I'll be successful", whereas CCEEE women were less prone than non-CCEEE women to feel "My efforts are leading to good results".
Significant differences were found in response to the question "How does your salaried professional activity relate to your studies both before and after completing your course?" (p = 1.6943E-5). CCEEE women were more likely than non-CCEEE women to answer "Yes, it is or was directly related". When only alumnae responses were taken into account, the results were still significant (p = 0.0159), but the main difference was found in the response "I have not worked", where alumnae CCEEE women provided fewer responses (2.3%) than non-CCEEE women (7.82%). Significant differences (p = 0.0004) were also seen in replies to the question "Have female figures in your family environment, either currently or in the past, engaged in some paid professional activity?". CCEEE women (26.89%) were more likely than non-CCEEE women (15.80%) to respond "No, none of them".
The question "What is your perception of gender discrimination, on the part of men (i.e., men discriminating against them)?" (p = 0.0292) yielded significant differences. While over two thirds of both groups perceived this, non-CCEEE women had a higher perception (74.76% versus 68.66% of CCEEE women).
No differences were identified in responses to the question "Do you believe your professional careers may be affected by maternity and/or family responsibilities?" (p = 0.56726). However, for the question "Do you believe that, in certain professional positions, the selection process offers equal opportunities for men and women?" (p = 0.0440), CCEEE women were less likely than non-CCEEE women to indicate that in most cases the system does not offer equal opportunities for men and women.
No differences were found with respect to the immediate environment (number of brothers or sisters in the family unit, their order of birth, gender of older siblings, p values of 0.7052, 0.6408 and 0.2863, respectively). No differences were found for the question "Has anyone in your family ever done or is currently doing university studies?" (p = 0.6789), nor in comparing the field of such studies (p = 0.6817). For grandparents, uncles, aunts and cousins, the results were also similar. For the question of whether anyone in this category had done or was currently engaged in university studies, a value of p = 0.2645 was found, and the analysis of whether such studies do or do not belong to CCEEE yielded a value of p = 0.6539.
No differences were found in responses to the question "When did you choose the field of your university studies?" (childhood, adolescence, on enrollment, p = 0.1176). This agrees with responses to whether the courses studied were of a vocational nature or not (likewise no significant differences, p = 0.2326).
When asked "Are you concerned about what family members, colleagues or people in general think of you?", the replies showed no significant differences (p = 0.3283), similar results being found when asked what type of personality best defined them (rational, concerned about others, ambitious, individualist, cerebral, loyal, active, powerful, lazy), p = 0.3930.
When asked "Were you influenced by masculine or feminine stereotypes during your universities studies?", no differences were found (p = 0.8428), the majority of respondents stating that they had not been influenced by any type of model.
B. Qualitative Results
The open question "Why do you think there are so few women doing STEM studies?" received 810 replies (76% of the total, 351 from CCEEE women and 459 from non-CCEEE women), a very high percentage given that they spent between 15 and 20 minutes answering the other questions in the survey. After applying constant comparison, 22 different codes (plus "other reasons") emerged. Some responses refer to more than one code, so the number of reasons obtained (1167) is higher than the sample number, indicating that each response identified 1.44 reasons on average. The reasons are classified into six categories: childhood, pre-university studies, university studies, society and self-confidence, work and other reasons. Table I presents the reasons grouped by categories and the number of responses identifying each reason.
VI. DISCUSSION

A. Quantitative Analysis
The p values obtained from the data analysis, together with the replies to the survey, clearly identify certain differences between CCEEE women and non-CCEEE women. Some of these differences are not immediately obvious and provide much food for thought.
When asked about the main reasons why they chose a particular course, significant differences exist in the responses "the possibility of working on projects" and "the possibility of working as part of a team". The number of CCEEE women stating that these did not form part of their motivation is much greater than expected compared to non-CCEEE women. This indicates that CCEEE women may be more individualistic, preferring to work alone rather than as part of a team. This characteristic coincides with the classic "nerd" stereotype attributed to people who work in CCEEE; that is, rational people who find intellectual stimulation very important while scoring very low on socially-oriented interests.
When asked "What motivated your choice of studies?", differences in importance of the average grade in the university entrance exam may indicate that CCEEE women were less influenced by this factor than non-CCEEE women, perhaps because CCEEE courses have a lower cut-off grade than other STEM courses, meaning that CCEEE women do not require such a high grade to qualify. CCEEE women received fewer recommendations for their field of study than non-CCEEE women from close family members or their pre-university teachers, suggesting that society in some way rejects the idea of women studying CCEEE; this is one area where progress should be made.
When asked "Who completely approved of your choice of course?" more CCEEE women than non-CCEEE women reported that pre-university teachers, close friends, and male classmates tended to discourage them from pursuing these studies-a further important factor that highlights once again that society rejects the idea that women should opt for CCEEE studies.
When asked for their personal opinion about how skilled they felt in comparison with their male colleagues on starting their studies, the results regarding women's capability in mathematics, physics, chemistry, informatics and graphic expression as compared with their male colleagues on commencement of their studies suggest that CCEEE women were regarded as less capable than were non-CCEEE women. This factor may also be regarded as sufficiently important to merit further in-depth study. However, no differences were found in either groups' level of self-confidence in embarking on technological studies.
It appeared that CCEEE women were more likely to feel discouraged than non-CCEEE women, perhaps due to societal pressure, as indicated by their reactions to the questions about dedication to study and academic results. For the question "During your university years, what has been your perception of dedication of time to studies to achieve good results?", CCEEE women selected responses such as "This is not for me; I don't think I'll be successful" more frequently than expected.
Far more CCEEE women alumnae were currently engaged in, or had had more experience in, professional activities related to their studies (72.02%) than non-CCEEE women (60.91%). The percentage of CCEEE women students who had never had or did not have paid employment was only 2.3%, while for non-CCEEE women it was more than three times higher (7.82%). For alumnae the results were similar, but with larger differences between both groups. Similarly, professional activity by close female relations (mother/progenitor, grandmother, aunt) had greater importance for non-CCEEE women than for CCEEE women. This finding can be explained by the current percentage of CCEEE women being far lower that non-CCEEE.
The perception of gender discrimination was greater in non-CCEEE women than in CCEEE women. CCEEE women perceived greater equality in certain job selection processes than non-CCEEE women. Further detailed research should determine whether gender discrimination is really lower in the CCEEE environment than in other spheres.
Figs. 1 and 2 present women's reasons for choosing their area of study, and the main factors they identified as contributing to their choice of studies, two items selected as being the most relevant to the present study. Their attraction to the studies stands out, as does the possibility of finding employment. Vocation (i.e., professional calling) and advice from family and teachers are the two most prominent reasons cited for their choice of studies.
B. Qualitative Analysis
The most cited reply to the open field question asking why women continue to be a minority in STEM courses, Table I , was the existence of social stereotypes (31.5%).
Reasons cited by over 5% of the respondents, which can therefore be considered as more relevant, were: 1) Social stereotypes (254 replies, 31.47%) 2) Immediate environment (117 replies, 14.5%) 3) Women do not like engineering (89 replies, 11.03%) 4) Lack of information in secondary school (70 answers, 8.67%) 5) Stereotypes in education (66 answers, 8.18%) 6) Lack of women role models (64 responses, 7.93%) 7) Discrimination by parents' choice of toys (60 replies, 7.43%) 8) Discrimination in the workplace (58 replies, 7.19%) 9) Engineering is difficult (47 replies, 5.82%) In terms of social stereotypes, the reason most frequently given was that women perceive that they are regarded as being more suited to humanistic, psychological, social or literature courses, whereas men are more suited to STEM and technology courses. Respondents indicated that in their immediate environment (family, school, and friends), they were encouraged from childhood to study other courses. They also cited a lack of encouragement in their childhood to learn and understand how things work (in school, the family and society in general); that curiosity, research, effort and personal challenge were not encouraged; that they were not encouraged to be engineers (the argument being that it was not for them); that engineering receives insufficient promotion among girls and that there is little education in technology. Finally, they commented that boys and girls are not educated in the same way, since girls are educated for motherhood.
Only three reasons received more than 10%: social stereotypes, the immediate environment and women not liking engineering. While the first two were to be expected, the third is surprising: that some women engineers or engineering students think that, in general, women do not like engineering. This answer is probably a consequence of the first two reasons: social stereotypes and the influence of the immediate environment from childhood lead some women to think that women do not like engineering.
Some of these reasons are reflected in Fig. 2 . For example, the fact that vocation was the main factor contributing to the choice of studies shows the importance of social and educational stereotypes, the immediate environment, the lack of information in secondary school, the lack of female role models and discrimination in the selection of toys made by parents. All these factors contribute in a definitive way to awakening the sense of vocation. The second factor with the greatest impact on choice of studies -advice from family and teachers -is also closely related to social and educational stereotypes, and especially to the immediate environment. This suggests that the quantitative and qualitative results are aligned.
Finally, five reasons were cited 17 times (2% of answers), eight occurred no more than 25 times (3%), and 13 reasons no more than 33 times (4%).
C. Practical Suggestions
Given that the two main factors identified by respondents as being responsible for the low enrollment of women in engineering were social stereotypes (31.47%) and the immediate environment (14.5%), solutions based on the responses of all the women surveyed-not just CCEEE women-are proposed here:
1) Mentoring between women, particularly between high school girls and university students, in order to motivate and accompany scientific-technical vocations. This mentoring could establish a relationship that guides high school girls in the search for information, and helps awaken a technological vocation. The objectives of mentoring are different for those mentoring, those receiving mentoring, for the university community, and for secondary schools. For mentoring women, the objectives are: to support STEM (and CCEEE) vocations and to bring the university closer to pre-university girls; to show the availability of useful science and technology courses with attractive professional opportunities, and to provide resources and information about studies to empower girls in their choice of university studies. For the mentored girls, the objectives are to create bonds of gender solidarity and to favor their relational competencies and their capacity of leadership. For the university community and secondary schools, the objectives are: to raise community awareness of gender segregation; to demystify existing relationships between gender and STEM studies to break gender constraints when choosing a professional path, and encourage mentoring as a tool for the pre-university orientation of students. A pilot plan in this form is currently being carried out at the UPC. 2) Integrate technological activities into pre-university curricula, to prevent adolescent girls from being discouraged from studying engineering. Universities should organize activities to bring young students, especially in the 12-15 age group, into closer contact with technology. These activities would preferably not require extra effort from students. The aim is to make technology and information technology more attractive to women through their participation in experiments involving a knowledge of experimental sciences; this would increase women's confidence in their ability to take STEM studies. An example would be technological workshops bringing technology closer to young pre-university students in general and to women in particular. These workshops could be conducted by integrating them into technology subjects during school hours, or after school with or without the family participation (introducing a fun element into these activities usually helps to make them more attractive). Such activities help overcome prejudices over the difficulty of technology subjects, and let students see how technology improves the quality of life (an aspect which tends to appeal to women).
3) Produce a TV series about a group of female engineers.
The storyline would focus not on their work in engineering per se, but rather on the environment in which the action took place. Some episodes could emphasize the social side of engineering, but the main goal would be to dismantle stereotypes through scripts designed for that purpose. The Catalan TV3 series "Merlí" has recently shown the effects of a TV series on college enrollment; it has had a great impact on young people and will be adapted in other countries. Merlí is a philosophy professor who motivates his teenage students of philosophy by applying it to their personal problems. An increase in enrollment has been seen this year in the four Catalonia university faculties that teach philosophy, even though philosophy is not exactly the most popular or fashionable course. In the three previous years, three of the schools had had a stable level of enrollment, while in the fourth school enrollment had fallen, so the increase may well be due to the series.
4) Encourage female enrollment through affirmative action,
either by a significant reduction in tuition fees or by increasing the number of scholarships offered to this group. In the medium-or long-term, these affirmative action measures should result in more women graduates and more women occupying important positions in engineering, business management, and research, who would also be female role models in engineering, and thereby reduce current social stereotypes. 5) Include more science and engineering subjects in school curricula to counteract the effect of the immediate environment. This would also solve the problem of the lack of information identified by 8.67% of the respondents. Affirmative action for girls could be carried out in this area, for example, by using the technological activities mentioned above. Acting on family and friends in the short term is difficult, but less so at the primary school stage. In any case, to avoid stereotyping it seems imperative to train primary school teachers appropriately, and it would probably also be necessary to rewrite some of the material used in class, which is peppered with stereotypes.
D. Comparison With Previous Research
The results presented here coincide with [7] and [8] regarding women's lack of confidence in their own capabilities. They also confirm the masculine view prevalent in society about the world of engineering (stereotypes), as cited in [9] and [10] . The impact of the immediate environment on the low enrollment of women in STEM studies also coincides with the results found in [1] and [12] . The negative attitudes of classmates found in [13] also appear in this study. However, in [6] it is stressed that women have role models, whereas in the present study it is a specific cause of low enrollment of women.
This work found similar conclusions to those presented by Hartman et al. [7] , who compares groups of women enrolled in bio-engineering, biomedical engineering, chemical engineering, and civil/environmental engineering degrees, to those in degree courses in mechanical, electrical and computer engineering. He concludes that the choice of studies is related to perceived personal capability. In the present work, CCEEE women are found less likely than non-CCEEE women to regard themselves as more capable than men.
Expectations for outcomes did not differ greatly between women of different specialties in the Hartman study, whereas in the present work it appears that CCEEE women feel greater satisfaction than non-CCEEE women in this area. In the Hartman study the women who chose mechanical, electrical or computer engineering expressed greater satisfaction with their choice of course, whereas in this work no differences were identified between CCEEE women and non-CCEEE women when asked whether they would choose the same courses if they had to do their studies again. Finally, Hartman et al. [7] concludes that women starting chemical or civil/environmental engineering degrees have greater self-confidence, although there are no significant differences in their academic abilities. In the present work, in answer to the question about selfconfidence when tackling technological courses, the responses show no significant differences in the level of self-confidence between either population.
E. Limitations of This Study
This study has some limitations: 1) Only alumnae who graduated in the last six academic years were surveyed. Some were still students after their graduation, but most were not. This may help to reflect current trends in women's opinions on the topic of this paper, but it does not necessarily represent the opinions of current students in general. However, as interesting as it may be to look at differences between recent graduate women and previous alumnae, the objective of this study is not to investigate the current state of opinion of all alumnae on their career difficulties. This may be an interesting area for future investigation.
2) The wording of the survey may be a limiting factor when looking at the precision of the results. However, a group test survey (on 153 students) was conducted prior to issuing the final survey, during which unclear questions were clarified, as explained in the Section IV. The survey was conducted in Spanish, the mother tongue of the respondents, or at least the language in which they were proficient, so there were no known language barriers. 3) Survey fatigue may have had a limited impact on the validity of the results, but it does not seem likely, as may be concluded from the long final open-ended answers. For the majority of the respondents, given the length of their answers, this provided them with the opportunity to fully express the difficulties they are facing in their careers. 4) For the identity of the respondents, the personal email sent from the school from which they graduated contained their personal data, checked by the school authorities, thereby ensuring that the recipients were bona fide members of the sample. The open nature of the survey may have given rise to duplicate responses or other inappropriate answers, as no further verification was made when receiving the answers. However, great care was taken to send the survey only to the appropriate recipients, and after a detailed review of the 1,167 answers received, no incoherent data were detected, particularly
for the final open-ended question.
VII. CONCLUSION
The low number of women doing STEM degree courses has been a concern for policy makers and has given rise to much research and many national policies. Despite these policies, in some areas such as CCEEE the number of women has not only failed to increase, but in some cases has even fallen. A deep knowledge of what motivates female students to enroll in STEM studies, and a knowledge of the stereotypes they face when choosing their studies, is required to implement effective policies.
This paper reports a quantitative and a qualitative exploratory study to determine: (1) whether a stereotype (description of an attitude or behavior) for women taking STEM studies does or does not exist; (2) whether this stereotype differs between women taking CCEEE and non-CCEEE degrees, and (3) what differences may exist between the motives for the enrollment of CCEEE women graduates and those of other STEM women graduates.
The quantitative results reveal that (1) a stereotype exists for women taking STEM studies, and (2) there is a different profile for the women undertaking CCEEE studies and those who study non-CCEEE courses. From the qualitative results, (3) the women surveyed consider social stereotypes (31.47%) and the immediate environment (14.5%) to be the main reasons for the low enrollment of women in STEM studies, followed by the third reason (11.03%), which is that women do not like engineering subjects. These results suggest that a policy of awakening vocations for CCEEE studies should focus on these points in order to be really effective.
This exploratory study should be completed with further in-depth studies. Further research should concentrate on determining whether the differences detected are local, or whether similar differences exist in other parts of the world. In addition, policies aimed specifically at awakening vocation in future women CCEEE professionals should be put in place.
